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Specification 

1. Name of this Invention 

Bi-Te Type Thermoelectric Conversion Thin Film And 
Thermoelectric Conversion Element Thereof 

2. Claims 

[1] Bi-Te type thermoelectric conversion thin film formed on a 
substrate, comprising a Bi-Te polycrystalline body having the (0.15) 
plane orientation . 

[2] Bi-Te type thermoelectric conversion element containing a 
thermoelectric semiconductor chip consisting of a Bi-Te 
polycrystalline thermoelectric conversion thin film that is 100 \m 
thick at maximum and has the (015) plane orientation, 

3. Detailed Explanation of this Invention 
[Field of the Invention] 

The present invention relates to a Bi-Te (bismuth-telluride.) 
type thermoelectric conversion thin film and its thermoelectric 
conversion element, wherein this invention is particularly associated 
with a Bi-Te type thermoelectric conversion thin film used to form a 
thermoelectric conversion element for the purpose of thermoelectric 
generation and electronic cooling/heating utilized by the electric 
industry, energy industry and aviation space field. 
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[Prior Art] 

Generally, a thermoelectric semiconductor having a large carrier 
transfer rate and small grid heat conductivity factor is selected as 
the thermoelectric conversion material for producing thermoelectric 
conversion devices. That is, the thermoelectric conductor preferably 
provides high Peltier and Seebeck effects and is low in loss 
associated with the Joule heat and heat conductivity (i.e., capable 
of providing a high capacity index z) , wherein the material for this 
purpose is selected according to the operational temperature of the 
applied device. One thermoelectric conductor having a high capacity 
index at a relatively low operational temperature is a Bi-Te 
thermoelectric semiconductor made of a Bi-Sb-Te-Sn type material. 

As described in the Journal of the Physics and Chemistry of 
Solids, 49 [10] (1988) (England) p 1237-1247, the thermoelectric 
capacity of the Bi-Sb-Te-Sn type semiconductor monocrystal utilized 
for said thermoelectric conversion is usually aesotropic. As a 
monocrystal or polycrystalline body having a simulated monocrystal 
itself or aggregate structure is used to produce a bulk type 
semiconductor chip utilized to form a thermoelectric conversion 
element, the thermoelectric capacity is aesotropic by reflecting the 
aesotropic effect of the thermoelectric capacity of the monocrystal. 
However, since structuring a thermoelectric conversion element using 
said chips arranged in parallel normally allows the selection of most 
suited azimuth of the chips corresponding to the direction of the 
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applied heat current, the element is Build by selecting the azimuth 
of the chips. 

On the other hand, when thin film type semiconductor chips are 
used to reduce the size and increase the integration of overall 
element, since a polycrystalline body constituting the chip usually 
forms an aggregated structure during the film formation process, the 
azimuth of the polycrystalline body against the substrate, which 
determines the heat current direction, is fixed during the film 
formation process. As a result, the azimuth optimization 
conventionally performed with the bulk type chips cannot be conducted 
once the film is formed. Therefore, applying this method in the 
practical production process is fairly difficult. 
[Problems to Be Solved by this Invention] 

When a Bi-Sb-Te-Sn type thermoelectric conversion element is 
formed with thin film chips, although the thermoelectric capacity of 
chips becomes aesotropic due to the aggregated system (i.e., priority 
azimuth) of the film, since the azimuth to the substrate that 
determines the direction of the heat current is fixed during the film 
formation process, the conventional azimuth optimization procedure 
for optimizing the azimuth according to the heat current direction 
cannot be provided once the film is formed. 

The present invention was developed to solve this problem. The 
object of this invention is to provide a new type of Bi-Te 
thermoelectric conversion thin film and its element by allowing the 
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optimization of the thermoelectric capacity of the thin film based on 
the direction of heat current during the film formation process 
[Method to Solve the Problems] 

The present invention provides a Bi-Te type thermoelectric 
conversion thin film formed on a substrate, wherein the film 
constitutes a Bi-Te polycrystalline body having the (015) plane 
orientation. 

Also, this invention provides a Bi-Te type thermoelectric 
conversion element containing a Bi-Te polycrystalline thermoelectric 
conversion thin film that has the (015) plane orientation and 100 \m 
or less film thickness. 
[Operation] 

With the method based on this invention, the (015) plane of a 
Be-Ti semiconductor monocrystal, having the plane- azimuth 
significantly (approx. 58°) tilted to the y c' axis, is laminated in 
the film thickness direction so that the direction diagonally 
crossing the axis x c' (in hexagonal system display) having an 
excellent thermoelectric capacity as explained in the document 
described above to maximally orient in the film thickness direction. 
By this technique, a monocrystal thermoelectric conversion thin film 
can provide an excellent thermoelectric capacity and practically 
uniform plane-azimuth. Also, this type of film is highly suitable 
for forming thermoelectric conductor chips of high capacity 
thermoelectric conversion element. 
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[Operational Examples] 

Figure 1 is a diagram explaining an example of Bi-Sb-Te-Se 
polycrystalline thermoelectric conversion thin film. In the figure, 
the reference numeral 1 denotes a substrate. The reference numeral 2 
denotes a thermoelectric conversion thin film consisting of a Bi-Sb- 
Te-Se polycrystalline thermoelectric semiconductor having the (015) 
plane orientation on the substrate 1. The thin arrow in the figure 
indicates the heat current and electric current provided at the time 
of thermoelectric conversion operation. 

The following film formation conditions were used for producing 
a thermoelectric conversion thin film 2: Technique = Argon ion beam 
spattering method; operational pressure = 2.0 x 10~ 4 Torr, beam 
electric current = 10 mA; and substrate temperature = 200 °C. This 
film formation method could provide a thermoelectric conversion thin 
film 2 comprising an aggregated system consisting of each crystal 
particle 3 having the (015) plane orientation. Note that the 
thermoelectric conversion thin film is not limited to the Bi-Sb-Te-Se 
type, as any system may be used for producing a Bi-Te type 
thermoelectric semiconductor. 

Figure 2 is a diagram of X-ray diffraction pattern of an approx. 
4 \m thick Bi-Sb-Te-Se polycrystalline thermoelectric conversion thin 
film (p type) prepared as described above. In the figure, the 
abscissa denotes the diffraction angle, whereas the vertical axis 
denotes the X-ray strength. The X-ray used for measuring the X-ray 
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diffraction pattern is a monochromatic characteristic X-ray of copper 
generated from the copper target. In the figure, the peaks displayed 
at 015 and 0210 are significantly greater than the peaks of a non- 
oriented thin film of the same composition material, thus indicating 
that the thin film comprises the polycrystalline structure having the 
orientation of (015) plane as shown in Fig. 1. 

On the other hand, in the case of monocrystal for example, an 
excellent thermoelectric capacity is known to exist in the direction 
diagonally crossing the axis x c' of the hexagonal system display as 
explained in the document described above. When the thermal 
gradation is formed in the film thickness direction of the 
polycrystalline thin film, the axis x c' must be oriented within the 
plane of the thin film in order to take advantage of the direction of 
said excellent thermoelectric capacity. 

However, as described in the Naturwissonschaf t 27 (1939) 
(Germany) p. 133, this type of orientation is hard to manifest by 
simply utilizing a thin film made of a material having the crystal 
structure in which atomic planes are laminated in the direction of 
axis x c' . Therefore, as explained in the operational example, more 
effective thermoelectricity can be produced when the axis x c' is 
maximally oriented within the plane of the thin film by laminating 
the (015) plane having a significantly tilted plane bismuth (approx. 
^^^t)ilted from the direction of axis 'c' ) parallel to the film 
surface. The developers of the present invention could achieve the 
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capacity index of 2.0 x 10" 3 (K _1 ) using the thermoelectric conversion 
thin film having the aggregate structure described above in the 
direction of film thickness, thereby being able to establish the 
usability of the present invention. 

Figure 3 is a diagram of a basic Bi-Te thermoelectric conversion 
element prepared by utilizing the thermoelectric conversion thin film 
having the (015) plane orientation of this invention as a 
thermoelectric semiconductor chip. 

As shown in the figure, thin films [e.g., n-type thermoelectric 
thin film 2a and p-type thermoelectric thin film 2b made of 
thermoelectric conversion thin films (hereinafter, said film is 
denoted as thermoelectric thin film) explained in the operational 
example associated with Fig. 1] were formed on the electrodes 4a, 4c, 
and 4e separately created at specific locations on' the substrate (not 
shown in the figure) . To provide films, for example, paired p-type 
and n-type thermoelectric thin films 2b, 2a were formed, allowing a 
specific distance between them, on the electrode 4c. Furthermore, 
electrodes 4b, 4d were formed to cover the paired n-type and p-type 
thermoelectric thin films 2a, 2b so as to provide a thermoelectric 
thin film between the upper and lower electrodes. Therefore, one 
unit section of this element comprises the upper and lower electrodes 
4a, 4b, 4c and n-type and p-type thermoelectric thin films 2a, 2b 
formed between those electrodes. By alternately connecting those 
thermoelectric thin film units, having the film thickness of several 



8 



VLm - several 10 yon, via the upper and lower electrodes, a 
thermoelectric conversion element having an increased number of chips 
per unit area (i.e., increased energy transporting density) could be 
provided. 

With the configuration shown in Fig. 3, for example, if the 
upper side is made as a heat absorbing surface, and the lower side is 
made as a heat generation surface, the electric current is directed 
in the direction as shown with the arrow in the figure. Also, the 
direction of heat current (temperature gradation) is also directed as 
shown with the frame-line arrow in the figure. Therefore, the 
electric current of the thermoelectric thin film is directed to the 
film thickness direction. Generally, the capacity of semiconductor 
chip unit only depends on the ratio of its shape [i.e., cross- 
sectional area/height (thickness) ] . Therefore, assuming that the 
shape ratio is fixed, the smaller the unit thickness, the greater 
reduction to the element size and material cost can be possible. By 
applying a regular thin film formation process, such as vapor- 
deposition or spattering, a semiconductor thin film having 100 jam or 
less thickness, which cannot be produced by the bulk production 
process (e.g., welding-molding method or sintering method) can be 
easily created. The Bi-To type thermoelectric thin film having the 
(015) plane orientation created by the thin film formation process of 
this invention can produce a thermoelectric conversion element that 
is smaller and has increased integration, while the material cost 
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needed for element production is drastically lowered. 

[Effectiveness of the Present Invention] 

As explained above, the present invention can provide a Bi-Te 
type polycrystalline thermoelectric conversion thin film having the 

(015) plane orientation by simply applying the ordinary thin film 
formation process. Therefore, this invention can offer significantly 
high usability. By utilizing this thermoelectric thin film as a 
thermoelectric semiconductor chip, an overall smaller but highly 
integrated thermoelectric conversion element can be produced, that 
can maintain the thermoelectric capacity equivalent to the element 
produced in bulk. As a result, the material cost as well as element 
price can be significantly lowered compared with the bulk type 
element. Also, as the conventional element having a bulk type 
semiconductor chip cannot increase the serial orientation of 
semiconductor chips due to the restriction over the element size 
itself, the element is usually only usable at low voltages and high 
electric currents. However, the thin film type microchip of this 
invention, which can drastically change the chip shape ratio (cross- 
sectional area/height) and number of serial orientations, allows the 
chip to be used at higher voltages and lower electric currents, 
subsequently allowing a significant expanded range to the electric 
circuits combinable with the element. 
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4. Simple Explanation of the Figures 

Figure 1 is a diagram explaining an example of Bi-Sb-Te-Se 
polycrystalline thermoelectric conversion thin film. Figure 2 is a 
diagram of X-ray diffraction pattern of an approx. 4 ]m thick Bi-Sb- 
Te-Se polycrystalline thermoelectric conversion thin film shown in 
Fig. 1. Figure 3 is a diagram of a basic Bi-Te thermoelectric 
conversion element prepared by utilizing the thermoelectric 
conversion thin film of an operational example of this invention. 

In the figures: 1... Substrate; 2, 2a, 2b. ..Thermoelectric 
conversion thin film; 3. ..Crystalline particles; 4a, 4b, 4c, 4d, 
4e... Electrode 
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